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INFLATABLE INTRALUMINAL GRAFT 

TECHKICAL FIEUI 

This invention relates to intraluminal grafts. More 
particularly, this invention relates to intraluminal grafts 
useful as a lining for blood vessels or other body 
conduits . 

BACKGROUND 

Previously^ the treatment of abdominal aortic 
aneurysms has. involved using surgical grafts wherein the 
grafts are sutured into place. Conventional vascular grafts 
have long been used in humans and animals. 

The treatment of abdominal aortic aneurysms requires 
a major surgical procedure to open the abdomen, excise the 
aneurysm sac and replace -the vessel with a graft, which is 
sutured into place under direct vision. Many materials 
have been used to form the graft. At the present time this 
remains the preferred method of treatment for almost all 
abdominal aortic aneurysms. 

Surgical graft materials such as flexible tubes of 
woven or knitted polyethylene terephthalate or porous 
polytetrafluoroethylene (PTFE) have previously been used. 
Grafts of biological origin have also been used; examples 
of these being fixed human umbilical or bovine arteries. 
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In the last few years, attempts have been made to 
reduce the extent of the surgical procedure by introducing 
these conventional, surgical grafts through the femoral 
arteries, passing them proximally, through the iliac 
arteries into the aorta and fixing them in place using 
endovascular stents, rather than sutures. These surgical 
grafts are large calibre devices which, even in their non- 
deployed state, are as large or even exceed the diameter of 
the iliac arteries through which they must pass. As the 
iliac arteries are often narrowed by, for example, 
atheromatous disease, the arteries may be damaged during 
introduction of the device. 

More recently, interventional radiologists have 
attempted to improve on this concept using non-surgical 
graft material, catheters and endovascular stents to locate 
suitable vascular grafts or conduits onto the aortic 
aneurysm sac, from percutaneous punctures in the femoral 
arteries, requiring minimal surgical intervention. These 
techniques have become known as minimally invasive therapy. 

A driving force to the development of the devices 
proposed in the present application has been the reduction 
in the size of the device when being inserted and also the 
reliability of the devices. 

Although intraluminal devices are well-known- in the 
field for the repair of inner linings for blood vessels or 
other body conduits, these previous types of devices are 
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constructed/ for example/ from a thin layer of PTFE wrapped 
around a housing which is capable of expansion. Examples 
of such housings include self-expanding or balloon 
expandable- type devices comprising a mesh-like structure. 

Due to the mesh-like structures used in previously 
known stent grafts / there is a minimum diameter to which 
the device can be reduced on its full contraction. On 
average, the minimum to which these devices can be reduced 
is 7mm (21 French gauge) in diameter. There is therefore 
a limitation of these types of devices, for example, for 
use in babies, small children and old people where any. 
amount of abrasion on the inner lining of the blood vessel, 
during insertion of the stent graft may cause rupture of 
the vessel. It can also prove troublesome to expand these 
devices once inserted into the body. These types of grafts 
may also suffer from kinking which can result in the 
blocking of the passageway. 

It is an object of at least one aspect of the present 
invention to mitigate one or more of the aforementioned 
problems and disadvantages of the prior art. 

It is therefore an object of the present invention to 
provide a kink resistant device capable of forming a lining 
for blood vessels or other body conduits. 
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SUMMARY OF THE INVENTION 

According to one aspect of the present invention^ 
there is provided a collapsible stent graft which cono^rises 
a collapsible txibular member for lining a blood vessel and 
an inflatable member extending around the tubular member 
and attached thereto whereby inflation of the inflatable 
member expands the tubular member from a collapsed state to 
an expanded state wherein in use it lines the blood vessel. 

By collapsible herein is meant that the stent graft is 
capable of collapsing into a structure with a smaller 
cross-^sectional area. 

A stent graft is a structure capable of forming a 
lining in a body conduit which can be firmly secured within 
the conduit via a stenting procedure. The stent graft may 
or may not include an actual stent. 

Preferably, the inflatable member is formed by 
partially fusing or adhering an outer layer to the 
collapsible tubular member so as to provide one or more 
inflatable members therebetween. Alternatively, a separate 
continuous inflatable member is fused or adhered onto the 
outer surface of the tubular member. The inflatable member 

« 

preferably forms a spiral structure comprising a plurality 
of turns around the tubular member . The inflatable member 

♦ 

is preferably l-2mm in cross-sectional diameter with a 
spacing of 1-2 mm between adjacent turns of the inflatable 



wo 00/515Z2 PCT/GBOO/00732 



member measuring along the longitudinal length of the stent 
graft. 

The inflatable member may also take a variety of other 
shapes such as a zig-zag or square-wave pattern around the 

tubular member. 

There may be a plurality of inflatable members around 

the collapsible tubular member. 

Preferably, a tube is attached to the proximal end of 
the inflatable member to allow inflation thereof. A 
further tube may also be attached to the distal end to 
allow preferential inflation thereof to locate the graft in 
the desired, place. Any free ends of the inflatable 

p 

channel are, of course, closed. The tube(s) may be 
removably attached by known means (one-way valve, screw 
etc.) to allow removal after use in such manner as to 
maintain the channel in the inflated state. Alternatively, 
one or both tubes could be integrally formed between the 
tubular member and outer layer. 

A removable sheath may be provided around the stent 
graft to facilitate insertion into an artery and which is 
removed prior to expansion of the stent graft. 

The material for inflating the inflatable member is 
preferably a low viscosity liquid so as to be easily 
injected, is radio-opaque to assist visualisation of. the 
graft in vivo, able to set to form a gel-like substance, 
give flexibility to the graft, be non-toxic and adhere to 
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the inner and outer walls of the inflatable member to help 
prevent a tear of the inner layer causing dissection. 
Dissection is where the lining of the stent graft becomes 
torn and separated from the blood vessel leading to 
occlusion of the blood vessel and restriction in the flow 

of blood therein. 

Suitable materials for inflation may be, for example, 
silicone-based liquids, elastomeric materials, plastics 
materials, or a thermoplastic or thermosetting resin 
mixture which may be solidified after injection. A 
chemically cured resin, such as cyanoacrylate resin 
("superglue") may be used. A further suitable substance 
may, for example, be 2-hydroxyethyl methacrylate (HEMA) . 
Silicone liquid satisfies some of the required criteria, 
but would not bond to the inner and outer surfaces of the 
inflatable member. However, this may not be a problem if 
polytetrafluoroethylene (PTFE) or other material 
sufficiently strong to resist tearing is used. 

Any suitable length and diameter of collapsible 
tubular member may be used. The collapsible tubular member 
is of tubular shape generally with a thickness of at most 
0.2mm and preferably thinner than 0.1mm and a cross- 
sectional diameter ranging from, for example, 25mm to 30mm. 
The collapsible tubular member may also be of a bifurcated 
form. The tubular member may also be tapered. In its 
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collapsed state the tubular member has a small cross- 
sectional diameter. 

Preferably/ the end of the collapsible tubular member 
has an undulating shape which helps to maximise the contact 
between the graft and the aorta of the patient/ so as to 
accommodate different levels of the origins of the renal 
arteries from the aorta. Alternatively, the end may be 
angled. 

Hooks on the stent, not at the inflatable sites / (as 
used with a Gianturco stent) may also be desirable for 
fixing the stent graft in place. As PTFE is suitable for 
suturing, this is ideal for this form of fixation. Markers 
on the graft are preferred so that the correct part of the 
graft is used for s tenting. 

Preferably, the stent graft is introduced in a 
collapsed state into the body conduit via a small puncture 
therein using a catheter. Preferably^ the graft is wound 
round a central catheter, with the catheter shaft of the 
angioplasty balloon used to distend the proximal aortic 
stent, which would pass over a guide wire introduced 
initially by arterial puncture in the groin* 

Preferably, the inflatable and collapsible tubular 
member is made from expanded PTFE. Generally, the 
thickness of this sheet is at most 0.1mm and preferably 
thinner. Uni-axially oriented films having a 

micros true ture of uni-axially oriented fibrils wherein 
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substantially all of the fibrils are oriented parallel to 
each other may be used. Multi-axially oriented films 
having a microstructure of bi-axially or multi-axially 
oriented fibrils wherein the fibrils are oriented in at 
least two directions which are substantially perpendicular 
to each other may also be used. 

If the graft is made of an inner and outer layer fused 
together and the inner layer is made of expanded PTFE, the 
outer layer need not necessarily be made of this material. 
Expanded PTFE is preferred as the inner material as this is 
a suitable graft material enabling ingrowth of endothelium. 
The outer layer may however preferably be made from a 
material which has improved strength and may be made from 
thinner material hence reducing the size of the device 
further. Suitable materials include nylon, polyethylene, 
polypropylene, polyurethane, polyvinylchloride and various 
f luoropolymers . The outer layer may even have the property 
of thrombogenicity which may be desirable as this would 
help to thrombose the aneurysm sac. A thromogenic material 
. would encourage the blood in the aneurysm sac, outside the 
graft, to clot. Suitable thrombogenic coating materials 
include collagen, polysaccharides and blood clotting 
factors {e.g. thrombin and fibrinogen). This is 
beneficial, as it encourages the aneurysm sac to shrink and 
resolve. It is also possible to form the graft with small 
perforations, not within the region of the 
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inflatable member, which would allow ingrowth onto the PTFE 
from the outside of the graft. 

One major problem with aortic stent grafts in general 
is the requirement for a neck of normal aorta below the 
renal arteries. This is used to facilitate the placement 
of the device and produces a seal. It is often the absence 
of a suitable neck that prevents the use of a stent graft 
from being attempted or results in failure of the device. 
This may occur at the time of placement, soon after or even 
months later. 

The present invention enables the treatment of 
abdominal aortic aneurysms by a stent graft mechanism 
extending from the infra-renal segment of the aorta to 
.either the distal aorta or into one of the iliac arteries. 
Via this technique, it may be possible to cross the renal 
arteries with graft material and subsequently revascularise 
the kidneys. Tax additional application may also be the 
treatment of thoracic aneurysms. 

The possibility of providing a stent graft structure 
across the renal arteries so that their origins are covered 
by the graft material and then revascularising the kidneys 
is therefore a preferred function. It may be possible to 
achieve this with the present system because the graft 
material is very thin. Revascularisation would be achieved 
by percutaneous puncture in a branch of the renal artery 
within the kidney and puncturing the graft material from 
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the renal side into the aorta. Angioplasty and then 
stenting of the renal artery origin at this point would be 
performed from the groin re-establishing renal blood flow. 

DETAILED nEfifTRIPTIOM OF PREFERRKD EMBODIMENTS 

Preferred embodiments of the invention will now be 
described by way of example with reference to the drawings 
in which: 

Figure 1 is a side view of a conventional angioplasty 
balloon showing a balloon member inflated; 

Figure 2 is a side view of a collapsible stent graft 
according to the present invention, comprising a spiral, 
inflatable member and showing cross-sectional 

representations ; 

Figtire 3 is a side view of the collapsible stent graft 
as shown in Figure 2 inflated and also shows cross- 
sectional representations; 

Figure 4 is a view of the inflated device and how it 
fits into an infra-renal aorta; 

Figure 5 is a representation of a preferred 
configuration of the upper end of a stent graft used to 
accommodate an asymmetric renal artery and to maximise the 
contact between the graft and aorta at this site; 

Figure 6 is a representation of a further preferred 
angled configuration of the upper end of a stent graft used 
to accommodate an asymmetric renal artery and to maximise 
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the contact between the graft and aorta at this site; and 
Figure 7 is a schematic representation of an assembly 
for insertion into an aorta of a patient. 

Figure 1 shows a prior art angioplasty balloon 10 in 
an inflated form. At one end 14 of the balloon 10 a 
catheter 12 is fused to the balloon 10. Due to this 
fusion, such an angioplasty balloon is not suitable for the 
.present invention as disconnection of the catheter 12 from 
the balloon 10 will cause the balloon 10 to rupture. 

In Figure 2, is shown a stent graft 20 according to 
the present invention with a spiral inflatable member 22 
capable of inflation formed from an inner tubular member 26 
and an outer layer 24. The inflatable graft 20 comprises 
two fused ends 28, 30. Between alternate turns of the 
spiral inflatable member 22 the inner tubular member 26 and 
outer layer 24 are fused or adhered together. This fusion 
occurs by any suitable method, such as, adhesive bonding, 
welding, heat sealing or ultrasonic sealing. Longitudinal 
and transverse cross-sectional representations of the 
spiral inflatable member 22 are shown. The solid black 
line in Figure 2 shows the inner tubular member 26 and 
outer layer 24 fused together in such a way as to provide 
the spiral inflatable member 22 between two fused ends 28, 
30. At cross-sections A, B, C, D, E and F along the spiral 
inflatable member, representations show the arrangement of 
the inflatable member 22. 
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In Figure 3, the spiral inflatable member 22 is shown 
inflated. The graft is inflated by injecting a suitable 
material into the inflatable member 22. The inflatable 
'.member 22 is connected at the distal end of the graft (that 
is the femoral end and the end nearest to where the graft 
is introduced into the femoral artery, with the graft in 
position within the aortic aneurysm) to a fine bore 
catheter tube of 1mm diameter (3 French gauge) through 
which a fluid-like material is injected. This requires a 
detachable valve mechanism to be located near the junction 
between the fine bore catheter and the inflatable member 22 
to allow the fine bore catheter tube to be disconnected and 
for the inflatable member 22 to remain inflated without 
leakage. Alternatively, inflation could be initiated at 
the proximal end (the forward end) of the graft, via 
separate catheter tube. The inflatable member 22 of the 
graft 20 acts like a spring system to extend the collapsed 
tubular member • On inflation the graft forms a 
predetermined shape. This predetermined shape may be 
tubular as shown in the Figures or bifurcated. The fused 
sections of the graft 20 between the turns of the inflated 
member 22 allows flexibility and prevents . kinking and the 
development of dissection. 

Figtire 4 is a three-dimensional representation of the 
graft 20 in an inflated form in place in an infra-renal 
aorta. Stents 40 at each end hold the graft in place. 
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Figures 5 and 6 show possible configurations of an 
upper end 28, 30 of the graft 20 to accommodate asymmetric 
renal artery origins and to maximise the contact between 
the graft 20 and aorta at this site* 

Figure 7 shows an assembly ready for introduction into 
an artery and comprising an angioplasty balloon 10 of the 
type shown in Figure 1 located within an expandable stent 
40 (e.g. Palmaz stent). A collapsed stent graft 20 
according to the present invention is located around 
catheter 12 of the angioplasty balloon behind the stent. 
Alternatively, a self-expanding stent (e-g. a Wall stent or 
a Nitonol stent) could be employed. A sheath (not shown) 
may be provided around the assembly to facilitate insertion 

into the artery. 

The insertion procedure is as follows. The assembly 
is introduced into the artery until the forward end 28 of 
the graft is in the correct position. The sheath (if any) 
is then partially retracted to reveal the forward end of 
the graft, which is then partially inflated by introduction 
of liquid into the forward end thereof through a catheter 
tube 42 removably attached thereto. 

This expands the forward end of the graft into contact 
with the artery wall and locates the graft in place. 

The catheter is then partially withdrawn until the 
stent lies within the expanded forward end 28 of the graft. 
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The angioplasty balloon is inflated to expand the stent to 
secure the graft to the arterial wall. 

The sheath is then fully retracted to allow the rest 
of the graft to be inflated (after first removing the tube 
42 if required) . The angioplasty balloon is removed. The 
rearward end of the graft may then be stented in place in 
similar manner. Any tube attached to the rearward end of 
the inflatable member is now removed to leave the member in 
the inflated state. 
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1. A collapsible stent graft, which comprises a 
collapsible tubular member for lining a blood vessel and an 
inflatable member extending around the tubular member and 
attached thereto, whereby inflation of the inflatable 
member expands the tubular member from a collapsed state to 
an expanded state. 



2. A stent graft according to claim 1 wherein an outer 
layer is provided aroxind the tubular member and is fused or 
adhered thereto so as to provide said inflatable member. 



3^ A stent graft according to claim 2 wherein the inner 
tubular member is formed of expanded 
polytetraf luoroethylene . 



4, A stent graft according to claim 2 wherein the outer 
layer is formed of expanded polytetraf luoroethylene. 



5. A stent graft according to claim 2, 3 or 4 wherein the 
outer layer is thrombogenic so as to encourage clotting of 
surrounding blood. 

6. A stent graft according to any preceding claim wherein 
the inflatable member forms a spiral structure comprising 
a plurality of turns around the tubular member. 
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7. A stent graft according to claim 6 wherein there is a 
spacing of 1 to 2inin between adjacent turns. 

8. A stent graft according to any of claims 1 to 6 
wherein the inflatable member is in the form of a zig-zag 
or square-wave pattern around the tubular member. 

9. A stent graft according to any preceding claim 
provided with perforations , not within a region of the 
inflatable member, to allow ingrowth thereinto. 

10. A stent graft according to any preceding claim wherein 
the tubular member has a wall thickness thinner than 0.1mm. 

11. A stent graft according to any preceding claim wherein 
an end of the tubular member is of undulating shape. 

12. A stent graft according to any of claims 1 to 10 
wherein an end of the tubular member is angled. 

13. A stent graft according to any preceding claim wherein 
the tubular member is bifurcated. 

14. A stent graft according to any preceding claim wherein 
the inflatable member contains a liquid for inflation 
thereof. 
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15. A stent graft according to claim 14 wherein the liquid 
is a resin which solidifies after injection into the 
inflatable member. 

16. A stent graft according to claim 14 wherein the resin 
adheres to the inside walls of the inflatable member. 

17. A stent graft according to any preceding claim which 
further coii?)rises a stent having hooks for fixing the stent 
graft in place. 



wo 00/51522 



PCT/GBOQ/00732 




wo 00/515Z2 



PCr/GB00/DO732 



2/2 




Fig. 4 




INTERNATIONAL SEARCH REPORT 



Int Sonal AppMcaUon Nb 

PCT/GB 00/00732 



A. CLASSIFICATION OF SUBJECT UATTER 

IPC 7 A61F2/06 



Acconflng to Inteinational Patent Classification (IPC) or to t)ath national dassification and IPC 



a F1E1J)S SEARCHED 



Minifnum documentation seaiched (dassification system followed by ctasstfication symbols) 

IPC 7 A61F 



Documentation seafched other than minimum docunentation to the extent that such documents are included in the fields searched 



Bectronic data base consiited during the international search (name of data base and. where practical, search terms used) 



C DOCUMENTS CONSOERED TO BE RELEVATfT 



Category ' 



Citation of docunent, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



us 5 871 537 A (THOHETZ OARLENE A ET AL) 
16 February 1999 (1999-02-16) 
figures 1-12 

column 2, line 58 -column 4, line 47 
claims 1-12 

MO 98 55047 A (SAMUELS SHAUN L U) 
10 December 1998 (1998-12-10) 
figure 1 



1,6,8, 
13-17 



A 

P,X 



page 5, paragraph 1 
page 6, paragraph 2 
page 9, paragraph 3 



■ paragraph 4 

-page 7, paragraph 2 



WO 99 39662 A (TRIAD VASCUUR SYSTEMS INC) 
12 August 1999 (1999-08-12) 
figures 1-6 

page 11, line 18 -page 18, line 16 



15,16 

1-4,6,7, 
10-14 



FudherdociBTients are listed in ttie continuation o( box C. 



[j{ j Patent family members are listed in annex. 



* Special categories of cited docunents : 

*A' document defining the genera) state of the art %vhich is not 
constdersd to be of particular relevance 

"E* earlier document but putifished on or after the international 
fIBngdate 

t' document vrfiich may throw doubts on priority datm(s)or 
%vhf^ is dted to estafafish the piAibcation dato of ariother 
■cHaiion or other spec ial reason (as specified) 

"O^ dociAnent rofening to an oral d sctoeure; use, exhibition or 
other means 

"P" document published prior to the inteinalional filing date but 
later than the priority date daimed 



T later document published after the intematiorui ffirtg data 
or priority date and not in conflict wUh the appfication but 
cited to understarxl the principie or theory underlying ttie 

invention 

*X' document of particular relevance: the daimed invention 
cannot be considerad novel or carviot be considerad to 
involve an inventive step when the document is taken alone 

"Y' document of parliciJar relevarv^; the daimed invention 
cannot be considerBd to involve an inventive step wfwn the 
document is combined wAh one or more otfier such docu- 
ments, such coRitMnation being ob«ious toa peisan sfciBed 
in the art 

*&' document memt>er of the same patent fandy 



Date of the actual completron of the mtemationai search 



13 June 2000 



Date of mailing of the international search report 



20/06/2000 



Name arKl mailing address of (he ISA 

European Patent Offioe. PB. 5818 Patendaan 2 
NL-2280HVRIjsw!|c 
Tel. (431-70) 340.2040. Tx. 31 651 epo nl. 
Fax: (431-70) 340-3016 



Authorized officer 



Mary, C 



Fdrni PCT/ISACIO (Moond dwet) (J^ 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inte lenal AppUeaUon No 

PCT/GB 00/00732 



CL(ComiRUatton) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation <H document with jncfication.««here appropriate, of the relevant passages 



Relevant to daim No. 



US 5 411 550 A (HERWECK STEVE A ET AL) 
2 May 1995 (1995-05-02) 
figures 4,7 

column 2, line 50 - line 65 

column 5, line 1 -column 6, line 21 

column 9, line 11 - line 21 

US 5 499 995 A (TEIRSTEIN PAUL S) 
19 March 1996 (1996-03-19) 
column 6, line 29 - line 65 
column 2, line 59 - line 67 
claims 1,21 



Fonn PCT/18AA10 (oontinualian of second tfMt) (JUy 19S2) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



ffifui RiAtlon on patent family members 



Inti lonal Application No 

PCT/GB 00/00732 



Patent document 




Pubiicatton 


Patent family 


Publication 


citad in search repoit 




date 


meinber(3) 


^ - J. - 

date 


US 5871537 


A 


16-02-1999 


TP 


1/73701 U n 


01-12-1999 








wu 




21-08-1997 








lie 


0UD7O^o A 


09-05-2000 


. 

WO 9855047 


A 


10-12-1998 


NONE 







WO 9939662 


A 


12-08-1999 

• 


All 
AU 


OAA'iAOO A 
^D0«5D77 A 


23-08-1999 


US 5411550 


A 


02-05-1995 


All 

AU 


D/0000 D 


20-03-1997 








AM 

AU 


A 

iiObD^7^ A 


27-04-1993 








CA 


2119252 A 


01-04-1993 








EP 


0604546 A 


06-07-1994 








JP 


7501956 T 


02-03-1995 








UO 


9305730 A 


01H)4-1993 


US 5499995 


A 


19-03-1996 


AU 


2605495 A 


18-12-1995 








CA 


2191091 A 


30-11-1995 








EP 


0788391 A 


13-08-1997 








JP 


10500873 T 


27-01-1998 








WO 


9532018 A 


30-11-1995 



Fdrni PCTJtSA/Zm (petant temly anneac) (July 19S2) 



